Purpose: The goal of this study was to investigate the level of agreement between tumor sizes measured on ultrasonography (US) and in pathological specimens of papillary thyroid carcinomas (PTCs) and to identify the US characteristics contributing to discrepancies in these measurements. Methods: We retrospectively reviewed the US findings and pathological reports of 490 tumors in 431 patients who underwent surgery for PTC. Agreement was defined as a difference of <20% between the US and pathological tumor size measurements. Tumors were divided by size into groups of 0.5-1 cm, 1-2 cm, 2-3 cm, and ≥3 cm. We compared tumors in which the US and pathological tumor size measurements agreed and those in which they disagreed with regard to the following parameters: taller-than-wide shape, infiltrative margin, echogenicity, microcalcifications, cystic changes in tumors, and the US diagnosis. Results: The rate of agreement between US and the pathological tumor size measurements was 64.1% (314/490). Statistical analysis indicated that the US and pathological measurements significantly differed in tumors <1.0 cm in size (P=0.033), with US significantly overestimating the tumor size by 0.2 cm in such tumors (P<0.001). Cystic changes were significantly more frequent in the tumors where US and pathological tumor size measurements disagreed (P<0.001). Conclusion: Thyroid US may overestimate the size of PTCs, particularly for tumors <1.0 cm in size. This information may be helpful in guiding decision making regarding surgical extent.
Introduction
Ultrasonography (US) is widely accepted as the technique of choice for the preoperative staging of papillary thyroid carcinoma (PTC). US examination is useful for assessing the size, location, number, and characteristics of thyroid nodules [1] [2] [3] ; however, US is highly dependent on both the instrument and the operator [4] [5] [6] .
Previous guidelines have recommended total thyroidectomy as the primary initial surgical treatment option for nearly all differentiated thyroid cancers greater than 1 cm with or without evidence of loco-regional or distant metastases [7] . According to the 2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer [8] , thyroid lobectomy alone may be a sufficient initial treatment for low-risk papillary and follicular carcinomas, particularly in cases of small (<1 cm) unifocal intrathyroidal papillary carcinomas in the absence of prior head and neck irradiation or radiologically or clinically involved cervical nodal metastases. In cases of solitary PTC, therefore, the accurate measurement of the tumor size by preoperative US is mandatory to establish the extent of surgery required for tumor resection.
Although few studies have reported differences in tumor sizes as measured by preoperative US and postoperative pathological analysis [9] [10] [11] , this issue has not been adequately documented. In this study, therefore, we evaluated the agreement between US and pathological tumor size measurements of PTCs. In addition, we also identified the US characteristics that contributed to discrepancies in tumor size measurements.
Materials and Methods
The Institutional Review Board of our institution approved this study, and the requirement for informed consent was waived.
Patients
A total of 655 PTCs were surgically resected from 539 patients at our institution between March 2006 and December 2006. Among these 539 patients, 12 patients with 43 multiple PTCs were excluded from this study due to confusion in correlations between tumor size by preoperative US and tumor size by postoperative pathologic measurement. Thirty-one patients with 31 PTCs were excluded due to a lack of preoperative US imaging, and 10 patients with 10 PTCs were excluded due to a delay longer than 12 months between US and surgery (mean delay of the subjects who were included, 4.7 months; range, 16 days to 12 months). In addition, 55 patients with 81 PTCs were also excluded because the tumors measured <0.5 cm. Ultimately, 431 patients with 490 PTCs were included in the analysis. Data were obtained for the study through a review of pathological and US reports.
Ultrasonography
All lesions were examined using a 7-15 MHz linear array transducer (HDI 5000, Advanced Technology Laboratories, Bothell, WA, USA) or a 5-12 MHz linear array transducer (LOGIQ700, GE Medical Systems, Milwaukee, WI, USA). US examination was performed by one of three board-certified radiologists or one of two senior residents, all aware of the patients' clinical records. The US findings were described, including shape, margin, internal echogenicity of the mass, the presence of microcalcifications, cystic changes in tumors, and US diagnosis. The shape was categorized as being wider-than-tall or taller-than-wide. Taller-than-wide shape was defined as a mass that was greater in its anteroposterior dimension than its transverse dimension. The margin was classified as either infiltrative or circumscribed. Internal echogenicity was classified as marked hypoechogenicity or other. Marked hypoechogenicity was defined as a lower level of echogenicity than the surrounding strap muscle. The presence or absence of microcalcifications and cystic changes in tumors (none, <50%, and ≥50%) was also evaluated. The US diagnosis was suspicious for malignancy if a thyroid mass had at least one malignant US feature, including microcalcifications, taller-than-wide shape, an infiltrative margin, or marked hypoechogenicity [12] , and as benign if suspicious US features were absent. If more than one malignant mass was detected by US examination, the US findings of each tumor were evaluated separately.
Statistical Analysis
In order to simplify the statistical analysis of the data, only the maximum diameter was measured in centimeters using US. The formalin-fixed specimen was measured, and thyroid tumor size was based on the largest diameter. Although several methods exist for determining tumor size, the pathological measurement is considered to be the gold standard and is recognized as such by the American Joint Committee on Cancer (AJCC) [13] . Therefore, we used the pathological tumor size as the gold standard in our study.
Intraclass correlation coefficient (ICC) analysis was used to evaluate the concordance between tumor size as measured by US and the size that was confirmed on pathology. ICC values between 0.4 and 0.75 may be taken to represent fair to good reliability, and values above 0.75 represent excellent reliability [14] . For the purposes of this study, tumors were divided into four groups based on their size: (1) 0.5-1 cm, (2) 1-2 cm, (3) 2-3 cm, and (4) ≥3 cm. Tumor size agreement was defined as a difference of less than 20% between the US and pathological tumor size measurements. Using Pearson's chi-square test, we compared the rates of agreement and disagreement between US and pathological tumor size in each of these four groups. In the tumors where the measurements disagreed, correlations between US and pathological size were assessed using the Wilcoxon signed-rank test with continuity correction. We compared the US findings in tumors for which the measurements agreed and those that demonstrated disagreement. US findings were compared using the Pearson's chi-square test and Fisher's exact test as appropriate. Statistical software SAS ver. 9.1.3 (SAS Institute Inc., Cary, NC, USA) was used for all data analyses.
Ultrasonography 35(3), July 2016
e-ultrasonography.org P-values <0.05 were considered to indicate statistical significance.
Results
All patients were surgically treated through total thyroidectomy (n=416) or lobectomy (n=15 The ICC between the US and pathological tumor size measurements was 0.957, indicating excellent reliability. The rate of agreement between US and pathological tumor size measurements was 64.1% (314/490). In the tumors where the measurements disagreed, US overestimated the tumor size in 115 cases (23.5%) and underestimated it in 61 cases (12.4%). The tumors in which the measurements agreed are compared with those in which the measurements disagreed according to pathological tumor size in Table 1 Among the US findings, only cystic changes were significantly more frequent in tumors for which the US and pathological measurements disagreed (P<0.001) ( Table 3 ). However, no significant differences were found in the prevalence of taller-thanwide shape (P=0.598), an infiltrative margin (P=0.519), marked hypoechogenicity (P=0.918), microcalcifications (P=0.533), and a US diagnosis of suspicious for malignancy (P=0.590) between the two groups.
Discussion
The 2015 American Thyroid Association Management Guidelines The data are numbers of lesions. The numbers in the parentheses are percentages (%). P-values of <0.05 were regarded as statistically significant.
for Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer contain revised indications for thyroid lobectomy as the initial treatment for papillary and follicular carcinomas [8] . These indications include small (<1 cm), low-risk, unifocal, intrathyroidal papillary carcinomas in the absence of prior head and neck irradiation or radiologically or clinically involved cervical nodal metastases [8] . Therefore, the accurate preoperative determination of T and N categories on US is significant for ensuring the appropriate treatment of patients with PTC [15] [16] [17] and avoiding unnecessary total thyroidectomy. In this study, we evaluated the agreement (i.e., concordance defined as a difference less than 20%) between papillary carcinoma size as measured by US and the size confirmed on pathology. We found that the agreement rate between US and pathological tumor size measurements was 64.1% (314 of 490 tumors), and that the tumor size between US and pathology was significantly discordant in tumors <1.0 cm. The accuracy of preoperative US for assessing tumor size has been previously evaluated using various methods in a small set of studies. However, this is the only study to include sufficient numbers of subcentimeter tumors when evaluating the agreement between US and pathological tumor size measurements of PTCs. Bachar et al. [11] reported significant discrepancies between the pathological size of solitary PTCs and their estimated size on the preoperative US scan for tumors measuring larger than 1.5 cm on US. The percentage of tumors ≤1.0 cm was 11.6% (34/292) in that study [11] , corresponding to 59.4% (291/490) in our study. Deveci et al. [9] demonstrated that the agreement in the size of thyroid nodules measured by US and surgical pathology examination was ≤50%, except in the ≤1.0 cm size range (78.5%). In their study, however, both benign and malignant thyroid nodules with diverse histologic diagnoses were included in the study population. Yoon et al. [10] reported that papillary carcinoma sizes measured postoperatively were consistently significantly smaller than the US-estimated sizes, with a mean percentage difference of 9.9%. However, although they evaluated differences in the size of the individual tumors measured by preoperative US and postoperative pathology, they did not assess the significance of agreement between the measurement methods.
According to our analysis, the use of US led to the significant overestimation of the tumor size by an average of 0.2 cm in tumors <1.0 cm. In other words, there is a low probability that papillary microcarcinomas would be incorrectly estimated to be larger than 1.0 cm, thereby leading to a more extensive operation than necessary. According to our study, 51 of 272 pathologically measured subcentimeter tumors (18.8%) were classified as tumors with a size ≥1.0 cm by US measurement. Previously, Deveci et al. [9] reported that the rate of agreement between US and pathology measurements for thyroid nodules decreased as the tumor size increased. In their study, the agreement rate between the US and pathology size was 78.5% in tumors ≤1.0 cm and ≤56.0% in tumors ≥1.1 cm. However, as previously stated, their study population incorporated both benign and malignant thyroid nodules, including 61 benign (58.0%) and 44 malignant (42.0%) thyroid nodules ≤1.0 cm in size.
In the present study, we identified differences in US characteristics between the tumors for which US and pathological size Ultrasonography 35(3), July 2016 e-ultrasonography.org measurements agreed and those for which they did not. Cystic changes were significantly more frequent in the group that exhibited disagreement (14.2% vs. 4.1%), but this was the only US finding that demonstrated significant variation between these two groups ( Table 3) . Compression of a thyroid nodule during US, aspiration of the cystic fluid by preoperative fine needle aspiration biopsy, and tissue shrinkage during fixation could be reasons for the size discrepancy between the US and pathological measurements of thyroid nodules with cystic changes [9] . Other factors, such as tumor histology and growth pattern, tissue fixation and processing, prior biopsy, and prior therapy, can likewise affect the final measured tumor size. Although US is the most sensitive imaging modality available for the examination of the thyroid gland and thyroid-associated abnormalities, the major limitations of US in thyroid imaging are its operator dependency and interobserver and intraobserver variability [18] [19] [20] . According to previous studies, interobserver and intraobserver variability can affect US measurements of thyroid nodules [21] [22] [23] . Moreover, size measurement by US may be of limited accuracy in nodules with a vague margin, irregular shape, small size, and also in conglomerated masses of small nodules [6] . US measurements may also be of limited validity in patients with a short neck, a large goiter, or a thyroid nodule located in the lower portion of the neck [4, 24] . Since our institution is a tertiary referral center for thyroid surgery, a considerable number of patients with thyroid nodules in our study had undergone fine needle aspiration prior to visiting our institution. Prior fine needle aspiration biopsy can alter thyroid nodule size due to subsequent hemorrhage and/ or scarring [4, 25] . Therefore, US evaluation prior to fine needle aspiration biopsy can reduce the error rate in the US measurements of thyroid nodules [26, 27] .
According to a previous report [9] , the presence of calcifications or coexisting thyroiditis was not found to significantly influence the accuracy of nodule size measurements on US. In this study, we found that the prevalence of microcalcifications was not significantly different between the groups. However, we did not analyze the role of coexisting thyroiditis.
Our study had several limitations. First, we analyzed imaging findings and pathological data retrospectively. This retrospective approach may have prevented us from identifying accurate US findings in real time, which could have influenced the evaluation and the size measurement of the tumors on US. However, this is well representative of clinical practice and was not manipulative. Second, data were obtained for the study through a review of pathological and US reports, and we were unable to assess interobserver and intraobserver variability. Third, we did not consider the experience of the US operator, although US examination of the thyroid is highly operator-dependent. However, all of the US examinations in our institution were performed by radiologists specializing in thyroid imaging. Finally, the mean tumor size in our study was small (≤1.2 cm), which may have limited our evaluation of tumor characteristics on preoperative thyroid US.
In conclusion, the ultrasonographic tumor size agreed with the pathological tumor size in 64.1% of PTCs, allowing for a difference of less than 20%. Thyroid US could lead to a significant overestimation of the tumor size of PTCs, particularly for tumors <1.0 cm. Among the US findings of PTCs, cystic changes in tumors were associated with overestimation of the size in US imaging study. These findings may be helpful in guiding decision-making about surgical extent. 
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